Lipopolysaccharide isolated from colicin E2-sensitive Escherichia coli and from "receptor-minus" mutants inhibits the activity of colicin E2. Lipid A and the polysaccharide fraction obtained by mild acid hydrolysis of lipopolysaccharide are inactive either alone or when tested in combination. Periodate oxidation of lipopolysaccharide destroys over 85% of its inhibition activity.
Guterman and Luria (6) reported the discovery of a number of mutants of Escherichia coli which are insensitive to colicin B and excrete into their culture media a material that inhibits colicin activity. Furthermore, these workers showed that the excreted material appears to be bacterial lipopolysaccharide (LPS). Herein we report that LPS extracted from a colicin E2-sensitive strain of E. coli inhibits the killing action of colicin E2. However, we also found that LPS extracted from colicin E2-resistant mutants which do not adsorb colicin (i.e., receptor-minus mutants) also inhibits the colicin activity. The implications of these results are discussed. The isolated LPS is inactivated with respect to colicin inhibition by mild acid hydrolysis or by controlled degradation of its polysaccharide moiety by periodate oxidation, reduction, and dialysis at pH 3.5 . It thus appears that the binding of colicin to LPS requires a specific covalently linked chemical structure found in native LPS.
MATERIALS AND METHODS
Various colicin E2-sensitive and resistant strains of E. coli were kindly provided by M. Nomura of the University of Wisconsin. E. coli strain W3110 no. 49 and 52 were used as a colicin E2-sensitive and a colicin E2-colicinogenic strain, respectively. E. coli strain W31 10 no. 51 and ER 343 were isolated and provided by Nomura and-Maeda (14) . Both Colicin E2 produced by E. coli colicinogenic strain 52 was isolated and purified by the method developed by Herschman and Helinski (7) . The final column chromatography step was omitted. This colicin E2 was kindly provided by T. Nicksic.
Colicin E2 activity was assayed by the survivor test (11, 12) in the following manner. Colicin E2-sensitive cells (strain 49) were grown in M9 + CA to a concentration of 5 X 108 cells/ml, harvested by centrifugation, washed, and suspended in Tris-S-CM solution to a concentration of 108 cells/ml. A series of dilutions of colicin E2 was made in 0.9% NaCl. One milliliter of cells (108 cells) was incubated with 0.1 ml of various concentrations of colicin E2 for 30 min at 37 C. The cells were then diluted with growth medium and plated on soft nutrient agar. After incubation at 30 C for 2 days, the colonies were counted. A plot of the logarithm of the fraction of survivors against the concentration of colicin E2 gave a single-hit curve.
INHIBITION OF COLICIN E2 ACTIVITY
The killing unit of colicin E2 was determined from this survivor curve as defined by Nomura (11, 12) .
LPS of E. coli strain W3110 no. 49 and LPS from strain 51 and strain ER 343 was isolated by the method of Westphal and Jann (17). Cells were grown in M9 + CA to the late-log phase, harvested, and washed once with saline. The wet cell paste from 3 liters growth medium was suspended in an equal volume of water and liquid phenol (110 ml of each) and extracted at 68 C for 10 min. The water phase was removed, and the phenol and solid phase were reextracted with another 110 ml of water. The LPS in the combined water phase was dialyzed and lyophilized. The nucleic acid contaminating the LPS preparation was removed by precipitation with the cationic detergent, cetyltrimethylammonium bromide (Cetavlon), according to procedure III as described by Westphal and Jann (17). LPS prepared this way was suspended in water to a final concentration of 10 or 20 mg/ml.
The method of controlled degradation of polysaccharides by periodate oxidation, reduction, and hydrolysis followed procedures developed by Goldstein et al. (5) Activity of LPS after periodate oxidation. We modified the polysaccharide portion of the LPS of the colicin-sensitive strain by periodate oxidation, followed by sodium borohydride reduction and acid hydrolysis ( (Table 4 ). This result indicates that the interaction between colicin and LPS is highly specific, and minor modifications in the structure of polysaccharide chain will abolish the interaction.
